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ABSTRAK 

 

 

 

Bahan komposit adalah gabungan matriks dan tetulang, gabungan bahan-bahan ini 

boleh meningkatkan sifat-sifat komponen individu. Dalam kes komposit, tetulang 

yang mengandungi serat dan menggunakan untuk mengukuhkan matriks dari segi 

kekuatan dan kekakuan. The mengukuhkan serat boleh memanipulasi dengan cara 

yang berbeza memberi kesan kepada sifat-sifat komposit yang dihasilkan. Gentian 

bertetulang bahan polimer komposit menjadi kegemaran di kebanyakan industri, Di 

dalam kapal terbang dan kapal angkasa khususnya kejuruteraan sebab adalah 

kerana keupayaannya untuk kekuatan meningkat, ketahanan, dan lain-lain kepada 

bahan-bahan dengan berat bahan yang kurang. Penekanan kajian ini adalah 

analisis komposit untuk menentukan parameter penting dalam reka bentuk komposit 

(tebal dan urutan menyusun) ke arah kekuatan mekanikal struktur komposit. Projek 

ini memberi tumpuan terutamanya kepada analisis parameter reka bentuk komposi t 

untuk menentukan kepentingan setiap parameter dan hubungannya. perisian DOE 

Design Expert (Miscellaneous Method) akan digunakan untuk menyiapkan projek 

ini. Bagi memenuhi data yang diperlukan dalam Design Expert ujian tegangan dan 

ujian lenturan sebenar telah dijalankan, daripada hasil yang dikutip, Design Expert 

telah digunakan untuk menghasilkan permukaan respons kajian dan hasil daripada 

pengoptimuman. DOE menunjukkan bahawa komposit serat dengan lapis rendah 

dan urutan menyusun satu arah adalah yang paling optimum, ia mempunyai 

bilangan lapisan paling rendah dan kekuatan tegangan muktamad dan max lenturan 

beban yang agak tinggi. 
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ABSTRACT 

 

 

 

A composite material is a combination of a matrix and a reinforcement, this combination 

of materials could improve the properties of individual components. In the case of a 

composite, the reinforcement contains fibres and is uses to strengthen the matrix in 

terms of strength and stiffness. The reinforce fibres can be manipulate in different ways 

to affect the properties of the resulting composite. Fibre-reinforced polymer composite 

materials become favorites in most industries, In particular aircraft and spacecraft 

engineering the reasons is due to its ability to increases strength, durability, etc. to the 

materials with less weight of Material. Emphasis of the study is on composites analysis 

as to determine the important parameters in composite design (thickness and stacking 

sequence) toward mechanical strength of composite structures. The project is focus 

especially on the composite design parameter analysis to determine the importance of 

every parameter and its relations. DOE software Design Expert (Miscellaneous Method) 

would be used to complete this project. In order to fulfill the data needed in Design 

Expert an actual tensile and bending test is conducted, from the result collected Design 

Expert software is used to produce the response surface of the study and the result of 

optimization. The DOE run shows that fibre composite with lowest ply and 

unidirectional stacking sequence is the most optimum, it has lowest ply number and 

relatively high ultimate tensile strength and max bending load. 
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CHAPTER 1 

INTRODUCTION 

 

 

1.1 PROJECT BACKGROUND 

 

Composite in term of composite material signifies that two or more materials are 

combined on a macroscopic scale to form a better third material (Jones, 2008). In contrast 

to metallic alloys, each material retains its separate chemical, physical, and mechanical 

properties. The matrix, normally a form of resin, keeps the reinforcement in the desired 

orientation. It protects the reinforcement from chemical and environmental attack, and it 

bonds the reinforcement so that applied loads can be effectively transferred. 

The primary reason composite materials are chosen for components is because of weight 

saving for its relative stiffness and strength (high strength and stiffness, combined with 

low density) also combination of the reinforcement and the matrix can be changed to meet 

the required final properties of a component. Ability to manipulate the resultant properties 

is the special features in composite materials.  

Its high strength and light weight remain the best combination that entice a lot of industries 

such as aerospace, marine and automotive industries to used them, Moreover in those 

industries. It’s important to keep strength to weight ratio as high as possible 

Composites material can be classified to few groups, there are three main groups of most 

common man-made composites; fiber reinforced polymer (FRP), metal matrix composites 

(MMC) and ceramic matrix composites (CMC). This study focuses on the influence of 

fiber architecture to the flexural and tensile properties of FRP specifically laminated 

materials. FRP are composite materials composed of heat-hardening or room temperature 

curing resins as matrix together with reinforcement materials. 

Over many year of materials research work high strain rate testing of laminated 

composites gained a significant importance as these materials are prominently used in 
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lightweight structural applications and there are many cases in which the mechanical 

properties of composite materials are notably reliant on the strain rate. The maximum 

strength for composite materials show significant increment compared to the value under 

static loading conditions. 

 

 

1.2 PROBLEM STATEMENTS 

 

Firstly, the study is about an analysis of composite materials, and it is one of the hardest 

and complex processes (K.Kaw, 2006). A single result analysis and impact event can 

produce several different damage modes simultaneously. In the composite material the 

damages can hardly been detected, so, it is important to identify the factor that contributes 

to the damages. In automobiles and aerospace application it is very important because it 

would be very dangerous if it’s cannot be functional properly. To ensure its strength, 

tensile and bending strength test will be carried out. 

 

The modern use of composite materials in manufacturing is not new, spanning several 

decades, the combination of fiber with a liquid matrix has been employed in a variety of 

applications, ranging from tried and true dried mud and straw (adobe bricks). Nonetheless, 

compared to legacy materials like steel, aluminum, iron and titanium, composites are still 

coming of age, and only just now are being better understood by design and manufacturing 

engineers. Further, composites are hindered by their non-isotropic nature, which makes 

them difficult to model and simulate (Isaac M.Daniel, 2006). However, composites 

physical properties, combined with unbeatable light weight make them undeniably 

attractive. Especially to Automotive and Aeronautics Companies. The chance to be able 

to produce a material with same properties with legacy materials but with less weight is 

enticing. 

 

In addition, the other problem is, researchers need to create model of the composite 

material by using optimization of composite material based on the ply thickness, 

orientation, and stacking sequence using FEA software Hyperworks to get the required 
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bending and tensile strength with minimum weight, similar study had been done by (Jane 

Maria Faulstich de Paivaa, 2005) the focus of its study is to compared the value of tensile 

strength of Different Carbon Fabric Reinforced Epoxy Composites. 

 

The design and analysis of fibre-reinforced polymer composite structural members 

requires a detailed knowledge of the properties of the constituent materials which form 

the structural members. This presented the most problem in this study, where deep 

understanding of material properties and other knowledge needed to be learned to 

complete this studies. A composite material especially laminated composite is a type of 

material that the value of mechanical and physical properties could be manipulated by 

manipulating the composite parameter (thickness, orientation, materials, stacking 

sequence and etc) this made them more complicated then legacy materials, because legacy 

material mechanical properties cannot be change as long as it’s the same type. Unique 

nature of laminated composite materials have not been fully addressed in commercially 

available software. Composite materials are unique due to their ply-level, anisotropic, 

nonlinear stress-strain response (Jeffrey M. Staniszewski, 2012) 

 

Moreover for composite structure (laminated) there’s many parameter that would affect 

the strength and properties of the materials. But in this study we would be focus on specific 

parameter variable study such as thickness, orientation and stacking sequence on Tensile 

and bending strength of composite materials. This study is vital to an actual application of 

industries because composite materials is relatively expansive and the production would 

take long time, so this study strive to provide an indication to industries about the 

relationship between parameters and the tensile and bending strength of end product. 

Tensile and bending strength for various application is differ from one and another so it’s 

difficult to achieved specific tensile and bending strength without any indicator. So this 

study hopefully could shed a light on this matter so that design of any application could 

be optimize. At the end of the study, the parameter that effect the tensile and bending 

strength the most would be identify. 
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1.3 OBJECTIVES OF THE PROJECT 

 

 The project objectives are: 

i. To design composite FEA model. In hyperworks for tensile and bending testing. 

ii. Varies design parameter and create DOE run based on Miscellaneous method 

(Design Expert). 

iii. Run actual testing based on DOE for tensile and bending strength. 

iv. To analyze and optimize the DOE result and determine the importance of every 

parameter and its relations.  

 

 

1.4 SCOPE OF THE PROJECT 

 

 The research is subjected to the following scopes: 

i. Designing by using CAD software (CATIA/Solidwork). Design and simulation 

of composite using hyperworks. 

ii. Create composite specimen for actual testing. 

iii. DOE design using Design Expert. 

iv.  Actual testing – tensile test using Universal testing machine UTM & bending – 

3 point bending machine 
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CHAPTER 2 

LITERATURE REVIEW 

 

 

2.1  Composite  

 

 A composite materials is a combination/fusion of two or more material that would 

produce better properties compared to those of the individual component (Barbero, 2011). 

It differ to metallic alloy in terms of its still carry its own separate chemical, physical, and 

mechanical properties (H.Staab, 1999). Modern composite usually consist of few 

constituent. Such as: 

 

o Matrices/Matrix 

Usually in a form of resin, keeps the reinforcement in the desired orientation. It protects 

the reinforcement from chemical and environmental attack, and it act as adhesive that 

bonds the reinforcement so that applied loads can be effectively transferred. Should able 

to protect fiber reinforce from mechanical damage and environmental effect, plus 

interfacial bond strength could increases the toughness of composite. (Harris, 1999) 

o Reinforcements  

Reinforcement fibers can be cut, aligned, placed in different ways to affect the properties 

of the resulting composite. Reinforcements is the material that has been impregnated in 

the matrix to lend its advantage (usually strength) to the composite. 

o Cores 

Usually used on sandwich and honeycomb structure it usually arranged perpendicular as 

a comparison to normal reinforcement arrangement 
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Figure 2-1: Typical reinforcement types 

 

Usually constituents of a composites is arranged so that open or more discontinuous phase 

(reinforcement) are embedded in a continuous phase (matrix) (George H.Staab, 1999). 

The reinforcing phase provides the strength and stiffness. The reinforcement is usually a 

fiber or a particulate. Particulate composites have dimensions that are approximately equal 

in all directions. They may be spherical, platelets, or any other regular or irregular 

geometry. Particulate composites tend to be much weaker and less stiff than continuous 

fiber composites, but they are usually much less expensive. Particulate reinforced 

composites usually contain less reinforcement (up to 40 to 50 volume percent) due to 

processing difficulties and brittleness. In most case the reinforcement is usually stronger 

than matrix. As for Composite matrix material there is 3 type: 

o Ceramic Matrix 

o Metal Matrix 

o Polymer Matrix 
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In a simple ways of compared from one to another it could be said that, Polymer have low 

strength and Young's ’modulus. Metal matrix is intermediate in strength, Young's 

’modulus and has good ductility. As for ceramic matrix usually is Hard, strong, stiff and 

brittle. 

 

 

2.2.0 Type of composite 

 

There are few other criteria or terms needed to be fulfilled before one could be called 

composite materials. Firstly both of the material need to have reasonable proportions, 

secondly the materials need to have its own properties that is reasonably differ from 

another. Lastly, a synthetic is commonly produced by deliberately combining and uniting 

the material by various means 

 

The definition given above is a basic definition of composite if that definitions is used, 

then composite would be so vast and encompassed things such as bricks, concrete, wood, 

and modern synthetic composite. A modern synthetic composite is divided to groups by a 

3 distinct grouping that is divided based on the type of matrix (Autar K. Kaw, 2006). 

 

 Polymer Matrix Composite (PMC), 

 Metal matrix composites (MMC)  

 Ceramic matrix composites (CMC). 

 

 

2.3 Polymer Matrix Composite 

 

Fiber are used in composites because of their properties such as lightweight, stiff and 

strong. In comparison Fibers are stronger than bulk material in which they are made 

(Barbero, 2011). The reason is because of the preferential orientation of molecules along 

the fiber direction and reduced amount of defects present in them. Fibers have many 

varieties that can be used as reinforcements. Fibers could be classified in multiples type 
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such as their length, strength, stiffness or based on their chemical compositions, the 

reinforce that used in polymer matrix composite is a thin diameter fibers and polymer type 

matrix (epoxy, polyester and etc) (K.Kaw, 2006). Structural composite also could be 

group into polymer matrix composite if the matrix materials is made from fibers. 

Structural composite is design to produce best engineering properties focus to fulfill its 

applications. Structural composite have also divided to a few groups, such as: 

 

o Laminated  

Laminate structure could simply defined as a stack of plies of composites that is combine 

on top of each other. Also could be stated as stack of lamina composites that is combine 

on top of each other (Barbero, 2011). Composite material is different from an isotropic 

materials such as aluminum and titanium that has a uniform properties in all direction, 

composite material limit its strength and stiffness only in the direction of the fiber ((FAA), 

2012). Unidirectional composites have most mechanical properties focused in one 

direction and are anisotropic in nature. Fiber reinforced composites can only approach the 

true isotropic nature of metals, if fiber orientation is designed to produces optimum 

mechanical properties as example bidirectional and multidirectional all the statement 

above is supported by ((FAA), 2012). 

 

 

 
Figure 2-2: Type of Laminated composite ply arrangement 

 

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=0ahUKEwiWwOSTiL_MAhWMc44KHVZQCIwQjRwIBw&url=http://www.quartus.com/resources/white-papers/composites-101/&psig=AFQjCNHY6GGcRP-XFG7Flzqi5sEecgYpVw&ust=1462404693826560
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o Honeycomb Sandwich 

A sandwich-structured composite is a specially structured of composite materials that 

is fabricated by combined thin but stiff skins to a lightweight but thick core. The core 

is commonly shape as honeycomb, Hence the name. The focus of this study is the 

macromechanics of laminar composite. 

 

 
Figure 2-3: Schematic of Honeycomb Sandwich 

 

 

2.3.1 Laminated composite 

 

Lamina (ply or layer) is a single flat layer of unidirectional fiber or woven fibers arranged 

in matrix and laminate is a stack of plies of composites, as illustrated in figure 2-2. Each 

layer is laid at various orientations and can be made up of various material system. 

(K.Kaw, 2006). Every single laminar are combined with each other with curing method 

that depends on the material system used (H.Staab, 1999). The laminate’s responds are 

based on each lamina properties and order in which the laminar are stacked (H.Staab, 

1999). The function of matrix is to aid fiber/reinforcement and bonds both of them 

together, matrix transfer applied load to the fibers. Based on ((FAA), 2012) The largest 

influence on laminated composite structural properties is thickness, orientations and 

stacking sequence. Stiffness, dimensional stability, and strength of a composite laminate 

depends on distribution of ply orientations through the laminate thickness or stacking 
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sequence. Larger number of stacking sequence are possible if number of ply with chosen 

orientations increases. The strength and stiffness of a composite is mostly relying on the 

orientation sequence of the plies. If proper orientation sequence of plies is been made a 

strong and stiff advanced composite materials could be produced. In ((FAA), 2012) 

Studies shows that the fibers in a bidirectional material run in two directions, usually 90° 

apart. A plain weave fabric is an example of a bidirectional ply orientation. These ply 

orientations have strength in both directions but not necessarily the same have the same 

value. [Figure 2-5] 

 

Aerospace composite structure often are made of quasi-isotropic materials, its because 

this types of ply orientations duplicate isotropic materials. The plies of a quasi-isotropic 

layup are stacked in a 0°, –45°, 45°, and 90° sequence or in a 0°, –60°, and 60° sequence. 

[Figure2-2] 

 

 
Figure 2-4: Schematic of laminated composite 

 
Figure 2-5: Bidirectional and unidirectional material properties. (United States of 

America Patent, 2012) 
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Based on journal of (H.Staab, 1999) there are few laminate design guidelines are 

considered as a basic for the design of the stacking sequences: 

 Symmetry: Whenever possible, stacking sequences should be symmetric about the 

mid-plane (middle of the laminated parts) material, angle and thickness of the 

layers are the same above and below the mid-plane. 

 Balance: Whenever possible, stacking sequences should be balanced, with the 

same number of +θ° and - θ° plies. 

 Cross ply laminate: fiber orientation of 0° and 90° is arranged alternating. 

 Angle ply laminate: fiber orientation of +θ° and - θ° is arranged alternating, with 

same material, angle and thickness. Could be in Symmetric (even) or 

antisymmetric (odd). 

 Quasi isotropic laminate: Lamina is oriented in manner to produce an isotropic 

matrix with no less than 3 layers. Example of Quasi isotropic laminate is [0, ±60] 

and [0, ±45, 90] as shown in figure 2-7. And it do not matter if you change it to be 

Symmetric such as [0, ±60]S and [0, ±45, 90]S. 

 

 
Figure 2-6: Example of Balance and symmetrical laminate 

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=0ahUKEwijqMOshfPMAhXMmJQKHY7eBpkQjRwIBQ&url=http://www.usna.edu/Users/mecheng/pjoyce/composites/Short_Course_2003/7_PAX_Short_Course_Laminate-Orientation-Code.pdf&psig=AFQjCNGYbz9Sl-b92ma1_0ihVgoO8eNW5A&ust=1464190515013137


12 
 

 
Figure 2-7: Example of Quasi isotropic laminate. 

 

 

2.4 Design of Experiment (DOE) 

 

Design of experiments (DOE) is a systematic method to determine the relationship 

between factors affecting a process and the output of that process. DOE is series of test 

that manipulate input variable of a system or case of study and the result of response 

variable are recorded (Telford, 2007), simply put, it is used to find cause-and-effect 

relationships. DOE is structured and organized way of conducting and analyzing 

controlled tests to recognize the factors that are affecting a response variable. 

 

An understanding of DOE first requires knowledge of some statistical tools and 

experimentation concepts. It is vital for practitioners to understand basic DOE concepts 

so that DOE that analyzed in software programs could be understand better. 

 

The most commonly used terms in the DOE methodology include: controllable and 

uncontrollable input factors, responses, hypothesis testing, blocking, replication and 

interaction. 
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o Experimental domain is the experimental ‘area’ that is investigated (defined by the 

variation of the experimental variables). 

o Controllable input factors, or x factors, are those input parameters that can be 

modified in an experiment or process.  

o Uncontrollable input factors are those parameters that cannot be changed, it’s fixed 

because of maybe environment factor for example room temperature. 

o Responses, or output measures, are the result that need to be find in the study. 

o Hypothesis testing helps determine the significant factors using statistical 

methods. There are two possibilities in a hypothesis statement: the null and the 

alternative. The null hypothesis is valid if the status quo is true. The alternative 

hypothesis is true if the status quo is not valid. Testing is done at a level of 

significance, which is based on a probability. 

o Blocking and replication: Blocking is an experimental technique to increase 

precision by avoid/removing any unwanted variations in the input or experimental 

process. Replication of experiments, test is run multiple times, in order to get an 

estimate for the amount of random error that could be part of the process. 

o Interaction: When an experiment has three or more variables, an interaction is a 

situation in which the simultaneous influence of two variables on a third is not 

additive. 

 

There are few uses that comes from DOE. The main uses of design of experiments are 

discovering interactions among factors, screening many factors, optimizing a process, 

including evolutionary operations (EVOP) and designing robust products. DOE analysis 

also could be done by various software package such as JMP, Minitab, Design Expert,  

Anova TM and Hyperstudy (Proust, 2009). A few factor or parameter that would be 

manipulated in this experiment is: 

o Number of ply  

o Stacking sequence 

From the two factor or parameter above. This study had to record the responses in this 

case tensile and bending strength.  

 




